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zonular fibers of the eye), microfibrils provide the elastic-The Structural Basis of Elasticity
ity and resilience needed for lens accommodation. In-in Fibrillin-Based Microfibrils herited defects in fibrillin-1 in humans cause Marfans
syndrome (Robinson and Godfrey, 2000), manifested by
severe cardiovascular, skeletal, and ocular abnormali-
ties, reflecting the critical contribution of fibrillins to tis-The resiliency of vertebrate tissues such as skin and
sue integrity.blood vessels is generated by the elastic fiber network.
Fibrillin-1, the major fibrillin of adult tissues, is a modu-A recent article by Lee and colleagues (Lee et al., 2004)
lar glycoprotein formed primarily of 43 rigid calciumprovides intriguing new cues into the organization and
binding EGF (cbEGF) domains, interspersed amongstructure of this network.
which are seven “TB” (TGF binding-protein-like) mod-
ules. Isolated microfibrils have a characteristic bead onElastic fibers are major components of the extracellular
a string appearance, with an untensioned bead periodic-matrix (ECM) of vertebrate tissues such as skin, lung,
ity of 56 nm in the presence of bound calcium (Sherrattand blood vessels that endow such tissues with the
et al., 2003), indicating that the 150 nm long fibrillin-1resilience needed for recoil when stretched. The main
molecule is highly folded within the microfibril (Baldockcomponent of elastic fibers is elastin that is ensheathed
et al., 2001). Despite extensive studies, the precise mo-by 10 nm fibrillin-rich microfibrils, which provide the
lecular packing of fibrillin-rich microfibrils and thereforetemplate for the deposition and assembly of secreted
the basis of their elasticity remain unknown. A recenttropoelastin monomers into insoluble elastic fibers (Zhang
et al., 1995). In tissues lacking elastin (such as the “jack-knife” model based on automated electron tomog-
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raphy and epitope-mapping studies (Figure 1A) sug-
gests that fibrillin molecules initially align into parallel
head-to-tail configuration and fold progressively at de-
fined sites between and within successive molecules.
Folding at the head-tail junction and a proline-rich region
produces an100 nm bead periodicity and creates sta-
bilizing transglutaminase crosslinks. Further intramolec-
ular folding at TB-cbEGF linkers results in a 70–80 nm
bead periodicity. Elasticity within the interbead segment
(comprising TB4-6 and intervening cbEGF domains)
allows further compression of the interbead segment
into the 56 nm periodicity. Stretching of microfibrils from
56 to 70 nm is reversible, but unfolding above 100 nm
appears irreversible, as the bead structure begins to
unravel (Baldock et al., 2001). The validity of this model
rests on a predicted flexibility of the TB-cbEGF linkages.
The recently demonstrated flexibility of the interbead
TB6-cbEGF32 linker by NMR (Yuan et al., 2002) supports
this prediction.
Fibrillin-rich microfibrils contact cells through integ-
rins, cell surface receptors that mechanically couple the
actin cytoskeleton to the ECM (Hynes, 2002). Fibrillin-1
binds integrins V3 and 51 in a divalent-cation-
dependent manner through the single RGD motif found
in TB4. This interaction induces cell spreading and re-
organization of the cytoskeleton and also enhances ex-
tracellular fibrillin-1 deposition and the assembly of fi-
brillins into microfibrils (Bax et al., 2003, and references
therein). The nature of the integrin binding interface in
fibrillins is unknown.
In the April 2004 issue of Structure, Dr. Lee and col-
leagues report the crystal structure of cbEGF22-TB4-
cbEGF23 fragment of human fibrillin that contains the
integrin binding RGD motif (Lee et al., 2004). The new
crystal structure reveals that the TB4-cbEGF23 linker
region is not flexible as previously thought, but is rather
incorporated into an extensive largely hydrophobic TB4-
cbEGF23 interface. Based on the inflexibility at the TB4-
cbEGF23 link, the authors suggest a simpler model of
fibrillin packing into microfibrils (Figure 1B), which does
not require intramolecular kinks but is still consistent
with the available transglutaminase crosslinking and
epitope mapping studies. In this “staggered” model,
the 56 nm periodicity results from 12 nm overlap be-
tween the N and C termini of successive fibrillin head-
to-tail dimers with a one-third staggered alignment. The
expected reduced mass density of the beads is com-Figure 1. Models of Fibrillin Alignment into Microfibrils and of a
pensated for by proteins and proteoglycans known toFibrillin-Integrin Complex
be present in beads (such as microfibril-associated(A) A schematic of the progressive folding steps involved in generat-
ing the 56 nm bead periodicity (gray ovals) as proposed in the jack- glycoproteins MAGP-1 and 2 and decorin). Since two
knife model (Sherratt et al., 2003) and their predicted location in TB-cbEGF linkers of roughly equal length exhibit dra-
fibrillin-1 (adapted from Sherratt et al., 2003, with permission). See matic differences in flexibility, and in view of the varia-
the text for details. The TB domains are in green, cbEGF in cyan,
tion in linker length and sequence among the other TB-EGF in gray, proline-rich region in blue, the interbead region in
orange, and bead segments in cyan. The N and C termini are in
yellow and red, respectively, and transglutaminase crosslink sites
overlined.
(B) A second model of the fibrillin microfibril proposed by Lee et al. (Xiong et al., 2002). V3 is a noncovalently associated heterodimer,
(see Figure 6A and legend in Lee et al., 2004) leading to the 56 nm which assumes a “head” sitting on two “legs” bent at the “knees”
periodicity is shown. Arrows, fibrillin-1 molecules; X, intermolecular (arrow) that are a major site of flexibility in the integrin. The V
transglutaminase crosslinks; and diamonds, fibrillin-associated subunit is in cyan, 3 is in red, and fibrillin in yellow; the green region
molecules. represents the RGD ligand that binds in the head region, contacting
(C) Surface representation of a model of an V3-cbEGF22-TB4- propeller and A domains of V and 3 subunits, respectively. A
cbEGF23 complex based on docking of the new structure (Lee et schematic of the plasma membrane is shown for orientation. The
al., 2004) on the published crystal structure of RGD-bound V3 model was displayed with VMD 1.8.2 software.
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cbEGF linkers, structural information on the remaining As is frequently the case, the present structure raises
TB-cbEGF pairs (especially the TB3-cbEGF and TB7- new questions regarding the structural basis of elasticity
cbEGF, predicted to be major folding regions in the jack- in fibrillin-rich microfibrils that can now be addressed
knife model) will be needed to favor one packing model experimentally. The structure also brings us a step closer
over the other. to addressing how cells regulate microfibril assembly
The integrin binding RGD motif in TB4 is located at and elasticity and how this elasticity in turn modulates
the tip of a long flexible loop and can be docked onto cell behavior. Answers to these questions have impor-
the cyclic RGD peptide bound to V3 in the V3-RGD tant implications for tissue engineering, wound healing,
crystal structure (Figures 1C and 7A in Lee et al., 2004). and diseases of aging.
This fitting, although imprecise given the high tempera-
ture values of the RGD-containing loop in the structure,
M. Amin Arnaoutreveals a spatial proximity of the cb-EGF22 to the ligand
Renal Unit and Structural Biology Programbinding A domain of the 3-subunit. When compared
Massachusetts General Hospitalto the TB4-cbEGF23 fragment, cb-EGF22-TB4 forms a
Harvard Medical Schoolmore stable complex with V3 and elicits more cell
Boston, Massachusetts 02114spreading and formation of focal contacts. This finding
led Lee et al. to suggest that cbEGF22 makes an addi-
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